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(57) ABSTRACT

An electronic device having a 5G antenna, according to the
present invention, is provided. The electronic device com-
prises an antenna, which includes: a first metal pattern
formed so that metal having a predetermined length and
width is printed and arranged on the top of a substrate; a
second metal pattern formed so that metal, which is spaced
a predetermined distance from the first metal pattern and has
a predetermined length and width, is printed and arranged;
and a power feeding pattern formed so that a signal is
coupling-fed to the first metal pattern and the second metal
pattern.
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ELECTRONIC DEVICE HAVING 5G
ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2019/
014410, filed on Oct. 30, 2019, the contents of which are all
incorporated by reference herein in their entirety.

TECHNICAL FIELD

The present disclosure relates to an electronic device
having a 5G antenna. One particular implementation relates
to an electronic device having a low-profile antenna oper-
ating in a 5G Sub 6 band.

BACKGROUND ART

Electronic devices may be classified into mobile/portable
terminals and stationary terminals according to mobility.
Also, the electronic devices may be classified into handheld
types and vehicle mount types according to whether or not
a user can directly carry.

Functions of electronic devices are diversifying.
Examples of such functions include data and voice commu-
nications, capturing images and video via a camera, record-
ing audio, playing music files via a speaker system, and
displaying images and video on a display. Some electronic
devices include additional functionality which supports
electronic game playing, while other terminals are config-
ured as multimedia players. Specifically, in recent time,
mobile terminals can receive broadcast and multicast signals
to allow viewing of video or television programs

As it becomes multifunctional, an electronic device can
be allowed to capture still images or moving images, play
music or video files, play games, receive broadcast and the
like, so as to be implemented as an integrated multimedia
player.

Efforts are ongoing to support and increase the function-
ality of electronic devices. Such efforts include software and
hardware improvements, as well as changes and improve-
ments in the structural components.

In addition to those attempts, the electronic devices pro-
vide various services in recent years by virtue of commer-
cialization of wireless communication systems using an LTE
communication technology. In the future, it is expected that
a wireless communication system using a 5G communica-
tion technology will be commercialized to provide various
services. Meanwhile, some of LTE frequency bands may be
allocated to provide 5G communication services.

In this regard, the mobile terminal may be configured to
provide 5G communication services in various frequency
bands. Recently, attempts have been made to provide 5G
communication services using a Sub-6 band under a 6 GHz
band. In the future, it is also expected to provide 5G
communication services by using a millimeter-wave (mm-
Wave) band in addition to the Sub-6 band for a faster data
rate.

Meanwhile, an antenna operating in a 5G Sub 6 band may
be disposed on a side surface of an electronic device or
inside the electronic device. In recent years, there is a
tendency to adopt full displays in electronic devices such as
mobile terminals. In addition to electronic devices having
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full displays, new form-factors in foldable, flexible, and
rollable forms are emerging by the development of flexible
displays.

Even in electronic devices according to such various
form-factors, the number of antennas is increasing for fast
data transmission. However, since the size and shape of
antennas that can be disposed in an electronic device is
limited, there are problems in view of a reduction of a design
space and a difficulty in securing radiation efficiency.

DISCLOSURE OF INVENTION
Technical Problem

The present disclosure is directed to solving the afore-
mentioned problems and other drawbacks. The present dis-
closure describes an electronic device in which a low-profile
antenna with a small size and a high height is disposed.

The present disclosure also describes a low-profile
antenna with high antenna space utilization and arrangement
freedom while optimizing radio performance.

Solution to Problem

According to one aspect of the subject matter disclosed
herein, an electronic device having an antenna may be
provided. The electronic device may include an antenna that
includes a first metal pattern formed by printing a metal
having a predetermined length and width on an upper
portion of a substrate, a second metal pattern spaced apart
from the first metal pattern and formed by printing a metal
having a predetermined length and width, and a feeding
pattern configured to couple and feed signals to the first
metal pattern and the second metal pattern.

In one implementation, the first metal pattern and the
second metal pattern may include an inset region in which
no metal pattern is formed. The feeding pattern may be
disposed by printing a metal having a predetermined length
and width in a region in which the first metal pattern and the
second metal pattern are spaced apart from each other and
the inset region.

In one implementation, the electronic device may further
include a transceiver circuit connected to the feeding pattern
and configured to transmit signals to the first metal pattern
and the second metal pattern through the feeding pattern.
Here, the transceiver circuit may be an integrated circuit
such as an RFIC.

In one implementation, the antenna may further include a
plurality of vias configured to connect the first and second
metal patterns and a lower ground pattern at end portions of
the first metal pattern and the second metal pattern. The
plurality of vias may be spaced apart from one another by
predetermined distances inward from terminated portions of
the first metal pattern and the second metal pattern.

In one implementation, a horizontal magnetic field current
may be generated in a horizontal plane with the first metal
pattern and the second metal pattern in a boundary region
between a boundary region of the feeding pattern and the
inset region, and the horizontal magnetic field current may
cause a height of a substrate on which the antenna is
disposed to be reduced.

In one implementation, the first metal pattern and the
second metal pattern may be disposed on an upper portion
of a first substrate, and the antenna may further include a
ground layer disposed on a lower portion of a second
substrate to provide a reference electric potential for the
antenna.
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In one implementation, permittivity of the first substrate
may be set to a value greater than permittivity of the second
substrate to increase efficiency of the antenna and reduce a
size of the antenna.

In one implementation, the feeding pattern may be dis-
posed on the upper portion of the first substrate that is
coplanar with the first metal pattern and the second metal
pattern.

In one implementation, the feeding pattern may be dis-
posed on a lower portion of the first substrate or an upper
portion of the second substrate that is a different plane from
the first metal pattern and the second metal pattern.

In one implementation, each of the first and second
antennas may include a first radiation portion formed in a
rectangular shape having a predetermined length and width,
and having an inset region formed therein. Also, each of the
first and second antennas may further include a second
radiation portion connected to the first radiation portion and
formed to be tapered at a predetermined angle to increase a
width.

In one implementation, the feeding pattern may be dis-
posed in the inset region inside the first radiation portion. A
position at which the feeding pattern is disposed may be
offset by a predetermined distance from an end portion in a
width direction of the first radiation portion.

In one implementation, the electronic device may further
include a carrier formed of a dielectric and disposed inside
the electronic device. The antenna may be disposed on a
front surface of the carrier and the first metal pattern and the
second metal pattern may be disposed in a longitudinal
direction of the electronic device.

In one implementation, a width of an end portion of the
second radiation portion may be set to a value ranging from
8 to 12 mm in consideration of resonant frequency and
radiation efficiency of the antenna.

In one implementation, a difference between widths of the
first radiation portion and the second radiation portion at a
point where the first radiation portion and the second radia-
tion portion are connected may be set to a value ranging
from 1 to 5 mm in consideration of impedance and resonant
frequency of the antenna.

In one implementation, a length of the feeding pattern
may be set to a value of 0.3 to 0.4 times a length from a
terminated portion of the first metal pattern to a terminated
portion of the second metal pattern in consideration of
resonant frequency, bandwidth, and radiation efficiency of
the antenna.

In one implementation, the electronic device may further
include a first antenna disposed on a side surface portion of
the electronic device and configured to operate in a first band
that is an LTE band. Here, the antenna may be a second
antenna configured to operate in a second band that is a 5G
Sub 6 band.

In one implementation, the electronic device may further
include a baseband processor connected to the transceiver
circuit and configured to control the transceiver circuit to
transmit and receive signals through at least one of the first
antenna and the second antenna. Here, the baseband pro-
cessor may be a modem that encodes and decodes informa-
tion using corresponding signals.

In one implementation, the transceiver circuit may be
configured to transmit and receive a first signal of the first
band and transmit and receive a second signal of the second
band.

In one implementation, the baseband processor may con-
trol the transceiver circuit to receive the second signal
through the second antenna when quality of the first signal
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is lower than or equal to a threshold. In this case, the
baseband processor may perform carrier aggregation (CA)
by using the first signal of the first band received through the
first antenna and the second signal of the second band
received through the second antenna when broadband trans-
mission is requested and a broadband frequency is allocated.

Advantageous Effects of Invention

The present disclosure can provide an electronic device in
which a low-profile antenna with a small size and a low
height is disposed even in a full display structure.

The present invention can also provide a low-profile
antenna that can be disposed inside an electronic device to
be horizontal to a cover of the electronic device, so as to
secure high antenna space utilization and arrangement free-
dom while optimizing wireless performance.

In particular, the low-profile antenna can be effectively
designed to have a very low height of 0.02A or lower, and
can easily implement impedance matching.

In particular, the low-profile antenna may have a radiator
with both end portions shorted, which can be advantageous
in view of arranging plural antennas by virtue of miniatur-
ization of antennas and improvement of isolation between
antennas.

Further scope of applicability of the present disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and specific examples, such as the preferred
implementation of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will be apparent
to those skilled in the art.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a block diagram of an electronic device in
accordance with one implementation, and FIGS. 1B and 1C
are conceptual views illustrating one example of the elec-
tronic device, viewed from different directions.

FIG. 2A is an exploded perspective view illustrating a
mobile terminal in accordance with one implementation.

FIG. 2B is a block diagram illustrating an exemplary
configuration of a wireless communication unit of an elec-
tronic device that can operate in a plurality of wireless
communication systems.

FIG. 3A is a view illustrating a top, side, and bottom of
a substrate on which a low-profile antenna according to the
present disclosure is implemented.

FIG. 3B is a view illustrating the low-profile antenna and
a transceiver circuit for transmitting and receiving signals
through the antenna.

FIG. 3C is a view illustrating an antenna structure accord-
ing to the number of vias. Also, FIG. 3D is a view illustrating
the change in resonant frequency according to the change in
the number of vias.

FIG. 4A is a view illustrating a structure in which a
feeding pattern is disposed on the same plane with a metal
pattern that is a radiator. FIG. 4B is a view illustrating a
structure in which the feeding pattern is disposed on a
different plane from the metal pattern that is the radiator.

FIG. 5A is a view illustrating radiation efficiency accord-
ing to a frequency change when a different dielectric is used
in a low-profile antenna of a multilayered substrate structure.

FIG. 5B is a view illustrating a principle of forming a
vertical electric field and a horizontal magnetic field current
in an antenna having a shorted-arm structure by vias accord-
ing to the present disclosure.
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FIG. 6A is a front view illustrating a low-profile antenna
in accordance with one implementation. FIG. 6B is a view
illustrating a structure in which the antenna of FIG. 6A is
disposed on a carrier inside the electronic device.

FIG. 7 is a view illustrating a change in resonant fre-
quency and peak radiation efficiency according to a change
in antenna width.

FIG. 8 is a view illustrating a resonant frequency and peak
total efficiency according to variation of a length of the
low-profile antenna and a length of a feeding pattern. FIG.
9 is a view illustrating a bandwidth and peak radiation
efficiency according to variation of a length of the low-
profile antenna and a length of a feeding pattern.

FIG. 9 is a view illustrating a bandwidth and peak
radiation efficiency according to variation of a length of the
low-profile antenna and a length of a feeding pattern.

FIG. 10 is a view illustrating a resonant frequency and
peak total efficiency according to variation of a length of a
coupling part in the low-profile antenna.

FIG. 11 is a view illustrating a bandwidth and peak
radiation efficiency according to variation of a length of a
coupling part in the low-profile antenna.

FIG. 12 is a view illustrating an electronic device includ-
ing antennas, a transceiver circuit, and a baseband processor
according to the present disclosure.

FIG. 13 is a view illustrating an electronic device includ-
ing a plurality of antennas, a transceiver circuit, and a
baseband processor according to the present disclosure.

MODE FOR THE INVENTION

Description will now be given in detail according to
exemplary implementations disclosed herein, with reference
to the accompanying drawings. For the sake of brief descrip-
tion with reference to the drawings, the same or equivalent
components may be provided with the same or similar
reference numbers, and description thereof will not be
repeated. In general, a suffix such as “module” and “unit”
may be used to refer to elements or components. Use of such
a suffix herein is merely intended to facilitate description of
the specification, and the suffix itself is not intended to give
any special meaning or function. In describing the present
disclosure, if a detailed explanation for a related known
function or construction is considered to unnecessarily
divert the gist of the present disclosure, such explanation has
been omitted but would be understood by those skilled in the
art. The accompanying drawings are used to help easily
understand the technical idea of the present disclosure and it
should be understood that the idea of the present disclosure
is not limited by the accompanying drawings. The idea of the
present disclosure should be construed to extend to any
alterations, equivalents and substitutes besides the accom-
panying drawings.

It will be understood that although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are generally only used to distinguish one element from
another.

It will be understood that when an element is referred to
as being “connected with” another element, the element can
be connected with the another element or intervening ele-
ments may also be present. In contrast, when an element is
referred to as being “directly connected with” another ele-
ment, there are no intervening elements present.

A singular representation may include a plural represen-
tation unless it represents a definitely different meaning from
the context.
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Terms such as “include” or “has” are used herein and
should be understood that they are intended to indicate an
existence of several components, functions or steps, dis-
closed in the specification, and it is also understood that
greater or fewer components, functions, or steps may like-
wise be utilized.

Electronic devices presented herein may be implemented
using a variety of different types of terminals. Examples of
such devices include cellular phones, smart phones, laptop
computers, digital broadcasting terminals, personal digital
assistants (PDAs), portable multimedia players (PMPs),
navigators, slate PCs, tablet PCs, ultra books, wearable
devices (for example, smart watches, smart glasses, head
mounted displays (HMDs)), and the like.

By way of non-limiting example only, further description
will be made with reference to particular types of mobile
terminals. However, such teachings apply equally to other
types of terminals, such as those types noted above. In
addition, these teachings may also be applied to stationary
terminals such as digital TV, desktop computers, digital
signages, and the like.

FIG. 1A is a block diagram of an electronic device in
accordance with one implementation, and FIGS. 1B and 1C
are conceptual views illustrating one example of the elec-
tronic device, viewed from different directions.

The electronic device 100 may be shown having compo-
nents such as a wireless communication unit 110, an input
unit 120, a sensing unit 140, an output unit 150, an interface
unit 160, a memory 170, a controller 180, and a power
supply unit 190. It is understood that implementing all of the
illustrated components illustrated in FIG. 1A is not a require-
ment, and that greater or fewer components may alterna-
tively be implemented.

In more detail, among others, the wireless communication
unit 110 may typically include one or more modules which
permit communications such as wireless communications
between the electronic device 100 and a wireless commu-
nication system, communications between the electronic
device 100 and another electronic device, or communica-
tions between the electronic device 100 and an external
server. Further, the wireless communication unit 110 may
typically include one or more modules which connect the
electronic device 100 to one or more networks. Here, the one
or more networks may be, for example, a 4G communication
network and a 5G communication network.

The wireless communication unit 110 may include at least
one of a 4G wireless communication module 111, a 5G
wireless communication module 112, a short-range commu-
nication module 113, and a location information module
114.

The 4G wireless communication module 111 may perform
transmission and reception of 4G signals with a 4G base
station through a 4G mobile communication network. In this
case, the 4G wireless communication module 111 may
transmit at least one 4G transmission signal to the 4G base
station. In addition, the 4G wireless communication module
111 may receive at least one 4G reception signal from the 4G
base station.

In this regard, Uplink (UL) Multi-input and Multi-output
(MIMO) may be performed by a plurality of 4G transmis-
sion signals transmitted to the 4G base station. In addition,
Downlink (DL) MIMO may be performed by a plurality of
4G reception signals received from the 4G base station.

The 5G wireless communication module 112 may per-
form transmission and reception of 5G signals with a 5G
base station through a 5G mobile communication network.
Here, the 4G base station and the 5G base station may have
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a Non-Stand-Alone (NSA) structure. For example, the 4G
base station and the 5G base station may be a co-located
structure in which the stations are disposed at the same
location in a cell. Alternatively, the 5G base station may be
disposed in a Stand-Alone (SA) structure at a separate
location from the 4G base station.

The 5G wireless communication module 112 may per-
form transmission and reception of 5G signals with a 5G
base station through a 5G mobile communication network.
In this case, the 5G wireless communication module 112
may transmit at least one 5G transmission signal to the 5G
base station. In addition, the 5G wireless communication
module 112 may receive at least one 5G reception signal
from the 5G base station.

In this instance, 5G and 4G networks may use the same
frequency band, and this may be referred to as LTE re-
farming. In some examples, a Sub 6 frequency band, which
is a range of 6 GHz or less, may be used as the 5G frequency
band.

On the other hand, a millimeter-wave (mmWave) range
may be used as the 5G frequency band to perform wideband
high-speed communication. When the mmWave band is
used, the electronic device 100 may perform beamforming
for communication coverage expansion with a base station.

On the other hand, regardless of the 5G frequency band,
5G communication systems can support a larger number of
multi-input multi-output (MIMO) to improve a transmission
rate. In this instance, UL MIMO may be performed by a
plurality of 5G transmission signals transmitted to a 5G base
station. In addition, DL. MIMO may be performed by a
plurality of 5G reception signals received from the 5G base
station.

On the other hand, the wireless communication unit 110
may be in a Dual Connectivity (DC) state with the 4G base
station and the 5G base station through the 4G wireless
communication module 111 and the 5G wireless communi-
cation module 112. As such, the dual connectivity with the
4G base station and the 5G base station may be referred to
as EUTRAN NR DC (EN-DC). Here, EUTRAN is an
abbreviated form of “Evolved Universal Telecommunica-
tion Radio Access Network™, and refers to a 4G wireless
communication system. Also, NR is an abbreviated form of
“New Radio” and refers to a 5G wireless communication
system.

On the other hand, if the 4G base station and 5G base
station are disposed in a co-located structure, throughput
improvement can be achieved by inter-Carrier Aggregation
(inter-CA). Accordingly, when the 4G base station and the
5G base station are disposed in the EN-DC state, the 4G
reception signal and the 5G reception signal may be simul-
taneously received through the 4G wireless communication
module 111 and the 5G wireless communication module
112.

The short-range communication module 113 is configured
to facilitate short-range communications. Suitable technolo-
gies for implementing such short-range communications
include BLUETOOTHTM, Radio Frequency IDentification
(RFID), Infrared Data Association (IrDA), Ultra-WideBand
(UWB), ZigBee, Near Field Communication (NFC), Wire-
less-Fidelity (Wi-Fi), Wi-Fi Direct, Wireless USB (Wireless
Universal Serial Bus), and the like. The short-range com-
munication module 114 in general supports wireless com-
munications between the electronic device 100 and a wire-
less communication system, communications between the
electronic device 100 and another electronic device, or
communications between the electronic device and a net-
work where another electronic device (or an external server)

20

25

30

35

40

45

8

is located, via wireless area network. One example of the
wireless area networks is a wireless personal area network.

Short-range communication between electronic devices
may be performed using the 4G wireless communication
module 111 and the 5G wireless communication module
112. In one implementation, short-range communication
may be performed between electronic devices in a device-
to-device (D2D) manner without passing through base sta-
tions.

Meanwhile, for transmission rate improvement and com-
munication system convergence, Carrier Aggregation (CA)
may be carried out using at least one of the 4G wireless
communication module 111 and the 5G wireless communi-
cation module 112 and a WiFi communication module. In
this regard, 4G+WiFi CA may be performed using the 4G
wireless communication module 111 and the Wi-Fi commu-
nication module 113. Or, 5G+WiFi CA may be performed
using the 5G wireless communication module 112 and the
Wi-Fi communication module 113.

The location information module 114 may be generally
configured to detect, calculate, derive or otherwise identify
a position (or current position) of the electronic device. As
an example, the location information module 115 includes a
Global Position System (GPS) module, a Wi-Fi module, or
both. For example, when the electronic device uses a GPS
module, a position of the electronic device may be acquired
using a signal sent from a GPS satellite. As another example,
when the electronic device uses the Wi-Fi module, a position
of the electronic device can be acquired based on informa-
tion related to a wireless Access Point (AP) which transmits
or receives a wireless signal to or from the Wi-Fi module. If
desired, the location information module 114 may alterna-
tively or additionally function with any of the other modules
of the wireless communication unit 110 to obtain data
related to the position of the electronic device. The location
information module 114 is a module used for acquiring the
position (or the current position) and may not be limited to
a module for directly calculating or acquiring the position of
the electronic device.

Specifically, when the electronic device utilizes the 5G
wireless communication module 112, the position of the
electronic device may be acquired based on information
related to the 5G base station which performs radio signal
transmission or reception with the 5G wireless communica-
tion module. In particular, since the 5G base station of the
mmWave band is deployed in a small cell having a narrow
coverage, it is advantageous to acquire the position of the
electronic device.

The input unit 120 may include a camera 121 or an image
input unit for obtaining images or video, a microphone 122,
which is one type of audio input device for inputting an
audio signal, and a user input unit 123 (for example, a touch
key, a mechanical key, and the like) for allowing a user to
input information. Data (for example, audio, video, image,
and the like) may be obtained by the input unit 120 and may
be analyzed and processed according to user commands.

The sensor unit 140 may typically be implemented using
one or more sensors configured to sense internal information
of' the electronic device, the surrounding environment of the
electronic device, user information, and the like. For
example, the sensing unit 140 may include at least one of a
proximity sensor 141, an illumination sensor 142, a touch
sensor, an acceleration sensor, a magnetic sensor, a G-sen-
SOr, a gyroscope sensor, a motion sensor, an RGB sensor, an
infrared (IR) sensor, a finger scan sensor, a ultrasonic sensor,
an optical sensor (for example, camera 121), a microphone
122, a battery gauge, an environment sensor (for example, a
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barometer, a hygrometer, a thermometer, a radiation detec-
tion sensor, a thermal sensor, and a gas sensor, among
others), and a chemical sensor (for example, an electronic
nose, a health care sensor, a biometric sensor, and the like).
The electronic device disclosed herein may be configured to
utilize information obtained from one or more sensors, and
combinations thereof.

The output unit 150 may typically be configured to output
various types of information, such as audio, video, tactile
output, and the like. The output unit 150 may be shown
having at least one of a display 151, an audio output module
152, a haptic module 153, and an optical output module 154.
The display 151 may have an inter-layered structure or an
integrated structure with a touch sensor in order to imple-
ment a touch screen. The touch screen may function as the
user input unit 123 which provides an input interface
between the electronic device 100 and the user and simul-
taneously provide an output interface between the electronic
device 100 and a user.

The interface unit 160 serves as an interface with various
types of external devices that are coupled to the electronic
device 100. The interface unit 160, for example, may include
any of wired or wireless ports, external power supply ports,
wired or wireless data ports, memory card ports, ports for
connecting a device having an identification module, audio
input/output (I/0) ports, video I/O ports, earphone ports, and
the like. In some cases, the electronic device 100 may
perform assorted control functions associated with a con-
nected external device, in response to the external device
being connected to the interface unit 160.

The memory 170 is typically implemented to store data to
support various functions or features of the electronic device
100. For instance, the memory 170 may be configured to
store application programs executed in the electronic device
100, data or instructions for operations of the electronic
device 100, and the like. Some of these application programs
may be downloaded from an external server via wireless
communication. Other application programs may be
installed within the electronic device 100 at the time of
manufacturing or shipping, which is typically the case for
basic functions of the electronic device 100 (for example,
receiving a call, placing a call, receiving a message, sending
a message, and the like). It is common for application
programs to be stored in the memory 170, installed in the
electronic device 100, and executed by the controller 180 to
perform an operation (or function) for the electronic device
100.

The controller 180 typically functions to control an over-
all operation of the electronic device 100, in addition to the
operations associated with the application programs. The
control unit 180 may provide or process information or
functions appropriate for a user by processing signals, data,
information and the like, which are input or output by the
aforementioned various components, or activating applica-
tion programs stored in the memory 170.

Also, the controller 180 may control at least some of the
components illustrated in FIG. 1A, to execute an application
program that have been stored in the memory 170. In
addition, the controller 180 may control a combination of at
least two of those components included in the electronic
device 100 to activate the application program.

The power supply unit 190 may be configured to receive
external power or provide internal power in order to supply
appropriate power required for operating elements and com-
ponents included in the electronic device 100. The power
supply unit 190 may include a battery, and the battery may
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be configured to be embedded in the terminal body, or
configured to be detachable from the terminal body.

At least part of the components may cooperably operate
to implement an operation, a control or a control method of
an electronic device according to various implementations
disclosed herein. Also, the operation, the control or the
control method of the electronic device may be implemented
on the electronic device by an activation of at least one
application program stored in the memory 170.

Referring to FIGS. 1B and 1C, the disclosed electronic
device 100 includes a bar-like terminal body. However, the
present disclosure may not be necessarily limited to this, and
may be also applicable to various structures such as a watch
type, a clip type, a glasses type, a folder type in which two
or more bodies are coupled to each other in a relatively
movable manner, a flip type, a slide type, a swing type, a
swivel type, and the like. Discussion herein will often relate
to a particular type of electronic device. However, such
teachings with regard to a particular type of electronic
device will generally be applied to other types of electronic
devices as well.

Here, considering the electronic device 100 as at least one
assembly, the terminal body may be understood as a con-
ception referring to the assembly.

The electronic device 100 will generally include a case
(for example, frame, housing, cover, and the like) forming
the appearance of the terminal. In this embodiment, the
electronic device 100 may include a front case 101 and a rear
case 102. Various electronic components may be incorpo-
rated into a space formed between the front case 101 and the
rear case 102. At least one middle case may be additionally
positioned between the front case 101 and the rear case 102.

The display unit 151 is shown located on the front side of
the terminal body to output information. As illustrated, a
window 151a of the display unit 151 may be mounted to the
front case 101 to form the front surface of the terminal body
together with the front case 101.

In some embodiments, electronic components may also
be mounted to the rear case 102. Examples of those elec-
tronic components mounted to the rear case 102 may include
a detachable battery, an identification module, a memory
card and the like. Here, a rear cover 103 for covering the
electronic components mounted may be detachably coupled
to the rear case 102. Therefore, when the rear cover 103 is
detached from the rear case 102, the electronic components
mounted on the rear case 102 are exposed to the outside.
Meanwhile, part of a side surface of the rear case 102 may
be implemented to operate as a radiator.

As illustrated, when the rear cover 103 is coupled to the
rear case 102, a side surface of the rear case 102 may
partially be exposed. In some cases, upon the coupling, the
rear case 102 may also be completely shielded by the rear
cover 103. Meanwhile, the rear cover 103 may include an
opening for externally exposing a camera 1215 or an audio
output module 1525.

The electronic device 100 may include a display unit 151,
first and second audio output module 152a and 1524, a
proximity sensor 141, an illumination sensor 142, an optical
output module 154, first and second cameras 1214 and 1215,
first and second manipulation units 1234 and 1235, a micro-
phone 122, an interface unit 160, and the like.

The display 151 is generally configured to output infor-
mation processed in the electronic device 100. For example,
the display 151 may display execution screen information of
an application program executing at the electronic device
100 or user interface (UI) and graphic user interface (GUI)
information in response to the execution screen information.
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The display 151 may be implemented using two display
devices, according to the configuration type thereof. For
instance, a plurality of the display units 151 may be arranged
on one side, either spaced apart from each other, or these
devices may be integrated, or these devices may be arranged
on different surfaces.

The display unit 151 may include a touch sensor that
senses a touch with respect to the display unit 151 so as to
receive a control command in a touch manner. Accordingly,
when a touch is applied to the display unit 151, the touch
sensor may sense the touch, and a control unit 180 may
generate a control command corresponding to the touch.
Contents input in the touch manner may be characters,
numbers, instructions in various modes, or a menu item that
can be specified.

In this way, the display unit 151 may form a touch screen
together with the touch sensor, and in this case, the touch
screen may function as the user input unit (123, see FIG.
1A). In some cases, the touch screen may replace at least
some of functions of a first manipulation unit 123a.

The first audio output module 1524 may be implemented
as a receiver for transmitting a call sound to a user’s ear and
the second audio output module 1526 may be implemented
as a loud speaker for outputting various alarm sounds or
multimedia playback sounds.

The optical output module 154 may be configured to
output light for indicating an event generation. Examples of
such events may include a message reception, a call signal
reception, a missed call, an alarm, a schedule alarm, an email
reception, information reception through an application, and
the like. When a user has checked a generated event, the
control unit 180 may control the optical output module 154
to stop the light output.

The first camera 121a may process image frames such as
still or moving images obtained by the image sensor in a
capture mode or a video call mode. The processed image
frames can then be displayed on the display unit 151 or
stored in the memory 170.

The first and second manipulation units 123a¢ and 1235
are examples of the user input unit 123, which may be
manipulated by a user to provide input to the electronic
device 100. The first and second manipulation units 123«
and 1235 may also be commonly referred to as a manipu-
lating portion. The first and second manipulation units 123«
and 1235 may employ any method if it is a tactile manner
allowing the user to perform manipulation with a tactile
feeling such as touch, push, scroll or the like. The first and
second manipulation units 123a¢ and 1235 may also be
manipulated through a proximity touch, a hovering touch,
and the like, without a user’s tactile feeling.

On the other hand, the electronic device 100 may include
a finger scan sensor which scans a user’s fingerprint. The
controller 180 may use fingerprint information sensed by the
finger scan sensor as an authentication means. The finger
scan sensor may be installed in the display unit 151 or the
user input unit 123.

The microphone 122 may be configured to receive the
user’s voice, other sounds, and the like. The microphone 122
may be provided at a plurality of places, and configured to
receive stereo sounds.

The interface unit 160 may serve as a path allowing the
electronic device 100 to interface with external devices. For
example, the interface unit 160 may be at least one of a
connection terminal for connecting to another device (for
example, an earphone, an external speaker, or the like), a
port for near field communication (for example, an Infrared
DaAssociation (IrDA) port, a Bluetooth port, a wireless
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LAN port, and the like), or a power supply terminal for
supplying power to the electronic device 100. The interface
unit 160 may be implemented in the form of a socket for
accommodating an external card, such as Subscriber Iden-
tification Module (SIM), User Identity Module (UIM), or a
memory card for information storage.

The second camera 1215 may be further mounted to the
rear surface of the terminal body. The second camera 1215
may have an image capturing direction, which is substan-
tially opposite to the direction of the first camera unit 121a.

The second camera 1215 may include a plurality of lenses
arranged along at least one line. The plurality of lenses may
be arranged in a matrix form. The cameras may be referred
to as an ‘array camera.” When the second camera 1215 is
implemented as the array camera, images may be captured
in various manners using the plurality of lenses and images
with better qualities may be obtained.

The flash 124 may be disposed adjacent to the second
camera 1215. When an image of a subject is captured with
the camera 1215, the flash 124 may illuminate the subject.

The second audio output module 15256 may further be
disposed on the terminal body. The second audio output
module 1525 may implement stereophonic sound functions
in conjunction with the first audio output module 1524, and
may be also used for implementing a speaker phone mode
for call communication.

At least one antenna for wireless communication may be
disposed on the terminal body. The antenna may be embed-
ded in the terminal body or formed in the case. Meanwhile,
a plurality of antennas connected to the 4G wireless com-
munication module 111 and the 5G wireless communication
module 112 may be arranged on a side surface of the
terminal. Alternatively, an antenna may be formed in a form
of film to be attached onto an inner surface of the rear cover
103 or a case including a conductive material may serve as
an antenna.

Meanwhile, the plurality of antennas arranged on a side
surface of the terminal may be implemented with four or
more antennas to support MIMO. In addition, when the 5G
wireless communication module 112 operates in a millime-
ter-wave (mmWave) band, as each of the plurality of anten-
nas is implemented as an array antenna, a plurality of array
antennas may be arranged in the electronic device.

The terminal body is provided with a power supply unit
190 (see FIG. 1A) for supplying power to the electronic
device 100. The power supply unit 190 may include a batter
191 which is mounted in the terminal body or detachably
coupled to an outside of the terminal body.

Hereinafter, description will be given of embodiments of
a multi-transmission system and an electronic device having
the same, specifically, an electronic device operating in a
heterogeneous radio system, with reference to the accom-
panying drawings. It will be apparent to those skilled in the
art that the present disclosure may be embodied in other
specific forms without departing from the idea or essential
characteristics thereof.

Hereinafter, embodiments related to an antenna device
having such configuration and a mobile terminal having the
antenna device will be described with reference to the
accompanying drawings. It will be apparent to those skilled
in the art that the present disclosure may be embodied in
other specific forms without departing from the idea or
essential characteristics thereof.

First, FIG. 2 is an exploded perspective view of a mobile
terminal according to one embodiment of the present inven-
tion. Referring to FIG. 2, the mobile terminal includes a
window 210q and a display module 2105, which constitute
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the display unit 210. The window 210a may be coupled to
one surface of the front case 201. The window 2104 and the
display module 2105 may be integrally formed with each
other.

A frame 260 is formed between the front case 201 and the
rear case 202 to support electric elements. In this regard,
when the front case 201 and the rear case 202 are made of
a metal, they may be referred to as a metal frame. However,
the example in which the front case 201 is the metal frame
201 is disclosed for the sake of explanation, but the present
invention is not limited to this. Alternatively, at least one of
the front case 201 and the rear case 202 may be realized as
a metal frame made of a metal material. On the other hand,
at least part of the side surface of the metal frame 201 may
operate as an antenna.

The frame 260 is a support structure inside the terminal.
As one example, the frame 260 may support at least one of
the display module 2104, the camera module 221, an
antenna device, a battery 240 or a circuit board 250.

A part of the frame 260 may be exposed to the outside of
the terminal. Also, the frame 260 may constitute a part of a
sliding module that connects the main body and the display
unit to each other in a slide type terminal, not a bar type.

FIG. 2 shows one example in which the circuit board 250
is disposed between the frame 260 and the rear case 202 and
the display module 2105 is coupled to one surface of the
frame 260. The circuit board 250 and the battery may be
disposed on another surface of the frame 260 and a battery
cover 203 may be coupled to the rear case 202 to cover the
battery.

The window 210aq is coupled to one surface of the front
case 201. A touch detecting pattern 210c¢ for detecting a
touch may be formed on one surface of the window 210a.
The touch detecting pattern 210c¢ is configured to detect a
touch input, and is made to be light-transmissive. The touch
detecting pattern 210¢ may be mounted on the front surface
of the window 210a and may be configured to convert a
change in voltage or the like generated in a specific portion
of the window 210¢ into an electrical input signal.

The display module 2105 is mounted on a rear surface of
the window 210a. This embodiment exemplarily illustrates
that the display module 2105 is a thin film transistor-liquid
crystal display (TFT LCD), but the present invention is not
limited thereto.

For example, the display module 21056 may be a liquid
crystal display (LCD), an organic light-emitting diode
(OLED), a flexible display, a three-dimensional display, and
the like.

As described above, the circuit board 250 may be pro-
vided on one surface of the frame 260, but may alternatively
be mounted on the lower portion of the display module
2105b. At least one electronic element is mounted on a lower
surface of the circuit board 250.

The frame 260 is provided with an accommodating por-
tion formed in a recessed shape such that the battery 240 can
be accommodated therein. A contact terminal connected to
the circuit board 250 may be provided on one surface of the
battery accommodating portion so that the battery 240 can
supply power to the terminal body.

The frame 260 may be formed of a metal material to
maintain sufficient rigidity even if the frame 260 is formed
to have a small thickness. The metal frame 260 may operate
as a ground. That is, the circuit board 250 or the antenna
device may be grounded to the frame 260, and the frame 260
may operate as the ground of the circuit board 250 or the
antenna device. In this case, the frame 260 may extend the
ground of the mobile terminal.
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The circuit board 250 is electrically connected to the
antenna device and is configured to process radio signals (or
radio electromagnetic waves) transmitted and received
through the antenna device. For the processing of the radio
signals, a plurality of transceiver circuits may be formed or
mounted on the circuit board 250.

The transceiver circuits may include one or more inte-
grated circuits and associated electrical components. In one
example, the transceiver circuits may include a transmission
integrated circuit, a reception integrated circuit, a switching
circuit, an amplifier, and the like.

The plurality of transceiver circuits may simultaneously
feed conductive members with a conductive pattern that is
an emitter, so that a plurality of antenna devices can operate
simultaneously. For example, while one antenna performs
transmission, another one may perform reception, or both of
them may perform transmission or reception.

A coaxial cable may be provided to connect the circuit
board and each antenna device to each other. In one
example, the coaxial cable may be connected to feeders that
feed the antenna devices. The feeders may be provided on
one surface of a flexible circuit board 242 which processes
signals input from the manipulation unit 123a. Another
surface of the flexible printed circuit board 242 may be
coupled to a signal transfer unit which is configured to
transmit a signal of the manipulation unit 123q. In this case,
a dome may be formed on the another surface of the flexible
printed circuit board 242, and an actuator may be provided
on the signal transfer unit.

The flexible printed circuit board 242 may be connected
to a lower portion of a carrier 135. One end of the flexible
circuit board 242 may be connected to the circuit board 250
which is provided with a controller. A carrier 136 may be
disposed in a side surface of the electronic device rather than
in a lower portion of the electronic device. The carrier 136
may be connected to the flexible printed circuit board or the
circuit board 250. The flexible printed circuit board 242 or
the circuit board 250 may be connected to a manipulation
unit of the terminal. In this case, the flexible printed circuit
board 242 may be configured such that a signal generated by
the manipulation unit is transmitted to the controller of the
circuit board 250.

Meanwhile, the present disclosure may consider an elec-
tronic device in which at least portions of the side surfaces
of the metal frame 201 or a plurality of conductive patterns
therein operate as antennas. In this regard, the plurality of
conductive patterns inside the metal frame 201 may operate
as a plurality of antenna eclements.

In the configuration disclosed herein, when implementing
a 5G Sub 6 antenna, the outer metal frame 201, that is, a
metal decoration, may be used as the ground (GND) of two
antennas of the same frequency. Each of the two antenna
patterns connected to the metal decoration may be a main
radiator.

Accordingly, the metal decoration corresponding to the
outer metal frame 201 may be a ground, and become a
common ground of the plurality of antennas. In addition,
there may exist an antenna pattern, that is, a conductive
pattern, in contact with the metal decoration and the con-
ductive pattern may serve as a main radiator.

Hereinafter, a low-profile antenna that can be disposed
inside the electronic device other than on the side surface of
the electronic device will be described. Since the existing
antennas are already disposed on the side surfaces of the
electronic device, a space for arranging a plurality of anten-
nas which can operate in the 5G Sub 6 band may be
insufficient or interference with other antennas may occur. In
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order to solve this problem, the low-profile antenna may be
implemented to be small in size and low in height inside the
electronic device.

The present disclosure also provides an antenna minia-
turization design technology for applying MIMO of 4x4 or
higher. Specifically, the present disclosure proposes a
method for optimally arranging a 5G sub-6 GHz antenna in
a low-profile antenna structure implemented with a small
size and low height inside an electronic device.

FIG. 2B is a block diagram illustrating an exemplary
configuration of a wireless communication unit of an elec-
tronic device that can operate in a plurality of wireless
communication systems. Referring to FIG. 2B, the elec-
tronic device may include a first power amplifier 210, a
second power amplifier 220, and an RFIC 250. In addition,
the electronic device may further include a modem 400 and
an application processor (AP) 500. Here, the modem 400
and the application processor (AP) 500 may be physically
implemented on a single chip, and may be implemented in
a logically and functionally separated form. However, the
present disclosure may not be limited thereto and may be
implemented in the form of a chip that is physically sepa-
rated according to an application.

Meanwhile, the electronic device may include a plurality
of low noise amplifiers (LNAs) 410 to 440 in the receiver.
Here, the first power amplifier 210, the second power
amplifier 220, the RFIC 250, and the plurality of low noise
amplifiers 310 to 340 are all operable in a first communi-
cation system and a second communication system. In this
case, the first communication system and the second com-
munication system may be a 4G communication system and
a 5G communication system, respectively.

As illustrated in FIG. 2, the RFIC 250 may be configured
as a 4G/5G integrated type, but the present disclosure may
not be limited thereto. The RFIC 250 may be configured as
a 4G/5G separate type according to an application. When the
RFIC 250 is configured as the 4G/5G integrated type, it may
be advantageous in terms of synchronization between 4G
and 5G circuits, and simplification of control signaling by
the modem 400.

On the other hand, when the RFIC 250 is configured as the
4G/5G separate type, it may be referred to as a 4G RFIC and
a 5G RFIC, respectively. In particular, when there is a great
band difference between the 5G band and the 4G band, such
as when the 5G band is configured as a millimeter wave
band, the RFIC 250 may be configured as a 4G/5G separated
type. As such, when the RFIC 250 is configured as the
4G/5G separate type, there may be an advantage that the RF
characteristics can be optimized for each of the 4G band and
the 5G band.

Meanwhile, even when the RFIC 250 is configured as a
4G/5G separation type, the 4G RFIC and the 5G RFIC may
be logically and functionally separated but physically imple-
mented on a single chip.

On the other hand, the application processor (AP) 500
may be configured to control the operation of each compo-
nent of the electronic device. Specifically, the application
processor (AP) 500 may control the operation of each
component of the electronic device through the modem 400.

For example, the modem 400 may be controlled through
a power management IC (PMIC) for low power operation of
the electronic device. Accordingly, the modem 400 may
operate power circuits of a transmitter and a receiver
through the RFIC 250 in a low power mode.

In this regard, when it is determined that the electronic
device is in an idle mode, the application processor (AP) 500
may control the RFIC 250 through the modem 300 as
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follows. For example, when the electronic device is in an
idle mode, the application processor 280 may control the
RFIC 250 through the modem 400, such that at least one of
the first and second power amplifiers 110 and 120 operates
in the low power mode or is turned off.

According to another embodiment, the application pro-
cessor (AP) 500 may control the modem 400 to provide
wireless communication capable of performing low power
communication when the electronic device is in a low
battery mode. For example, when the electronic device is
connected to a plurality of entities among a 4G base station,
a 5G base station, and an access point, the application
processor (AP) 500 may control the modem 400 to enable
wireless communication at the lowest power. Accordingly,
even though a throughput is slightly sacrificed, the applica-
tion processor (AP) 500 may control the modem 400 and the
RFIC 250 to perform short-range communication using only
the short-range communication module 113.

According to another implementation, when a remaining
battery capacity of the electronic device is equal to or greater
than a threshold value, the application processor 1450 may
control the modem 300 to select an optimal wireless inter-
face. For example, the application processor (AP) 500 may
control the modem 400 to receive data through both the 4G
base station and the 5G base station according to the
remaining battery capacity and the available radio resource
information. In this case, the application processor (AP) 500
may receive the remaining battery capacity information
from the PMIC and the available radio resource information
from the modem 400. Accordingly, when the remaining
battery capacity and the available radio resources are suffi-
cient, the application processor (AP) 500 may control the
modem 400 and the RFIC 250 to receive data through both
the 4G base station and 5G base station.

Meanwhile, in a multi-transceiving system of FIG. 2, a
transmitter and a receiver of each radio system may be
integrated into a single transceiver. Accordingly, a circuit
portion for integrating two types of system signals may be
removed from an RF front-end.

Furthermore, since the front end parts can be controlled
by an integrated transceiver, the front end parts may be more
efficiently integrated than when the transceiving system is
separated by communication systems.

In addition, when separated for each communication
system, different communication systems cannot be con-
trolled as needed, or because this may lead to a system delay,
resources cannot be efficiently allocated. On the other hand,
in the multi-transceiving system as illustrated in FIG. 2,
different communication systems can be controlled as
needed, system delay can be minimized, and resources can
be efficiently allocated.

Meanwhile, the first power amplifier 210 and the second
power amplifier 220 may operate in at least one of the first
and second communication systems. In this regard, when the
5G communication system operates in a 4G band or a Sub
6 band, the first and second power amplifiers 1210 and 220
can operate in both the first and second communication
systems.

On the other hand, when the 5G communication system
operates in a millimeter wave (mmWave) band, one of the
first and second power amplifiers 210 and 220 may operate
in the 4G band and the other in the millimeter-wave band.

On the other hand, two different wireless communication
systems may be implemented in one antenna by integrating
a transceiver and a receiver to implement a two-way
antenna. In this case, 4x4 MIMO may be implemented using
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four antennas as illustrated in FIG. 2. At this time, 4x4 DL
MIMO may be performed through downlink (DL).

Meanwhile, when the 5G band is a Sub 6 band, first to
fourth antennas ANT1 to ANT4 may be configured to
operate in both the 4G band and the 5G band. On the
contrary, when the 5G band is a millimeter wave (mmWave)
band, the first to fourth antennas ANT1 to ANT4 may be
configured to operate in one of the 4G band and the 5G band.
In this case, when the 5G band is the millimeter wave
(mmWave) band, each of the plurality of antennas may be
configured as an array antenna in the millimeter wave band.

Meanwhile, 2x2 MIMO may be implemented using two
antennas connected to the first power amplifier 210 and the
second power amplifier 220 among the four antennas. At this
time, 2x2 UL MIMO (2 Tx) may be performed through
uplink (UL). Alternatively, the present disclosure is not
limited to 2x2 UL MIMO, and may also be implemented as
1 Tx or 4 Tx. In this case, when the 5G communication
system is implemented by 1 Tx, only one of the first and
second power amplifiers 210 and 220 need to operate in the
5G band. Meanwhile, when the 5G communication system
is implemented by 4 Tx, an additional power amplifier
operating in the 5G band may be further provided. Alterna-
tively, a transmission signal may be branched in each of one
or two transmission paths, and the branched transmission
signal may be connected to a plurality of antennas.

On the other hand, a switch-type splitter or power divider
is embedded in RFIC corresponding to the RFIC 250.
Accordingly, a separate component does not need to be
placed outside, thereby improving component mounting
performance. In detail, a transmitter (TX) of two different
communication systems can be selected by using a single
pole double throw (SPDT) type switch provided in the RFIC
corresponding to the controller.

In addition, the electronic device that is operable in the
plurality of wireless communication systems according to an
embodiment may further include a duplexer 231, a filter 232,
and a switch 233.

The duplexer 231 may be configured to separate a signal
in a transmission band and a signal in a reception band from
each other. In this case, the signal in the transmission band
transmitted through the first and second power amplifiers
210 and 220 may be applied to the antennas ANT1 and
ANT4 through a first output port of the duplexer 231. On the
contrary, signals in a reception band received through the
antennas ANT1 and ANT4 are received by the low noise
amplifiers 310 and 340 through a second output port of the
duplexer 231.

The filter 232 may be configured to pass a signal in a
transmission band or a reception band and to block a signal
in a remaining band. In this case, the filter 232 may include
a transmission filter connected to the first output port of the
duplexer 231 and a reception filter connected to the second
output port of the duplexer 231. Alternatively, the filter 232
may be configured to pass only the signal in the transmission
band or only the signal in the reception band according to a
control signal.

The switch 233 may be configured to transmit only one of
a transmission signal and a reception signal. In an imple-
mentation of the present disclosure, the switch 233 may be
configured in a single-pole double-throw (SPDT) form to
separate the transmission signal and the reception signal in
a time division duplex (TDD) scheme. In this case, the
transmission signal and the reception signal may be in the
same frequency band, and thus the duplexer 231 may be
implemented in a form of a circulator.
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Meanwhile, in another implementation of the present
disclosure, the switch 233 may also be applied to a fre-
quency division multiplex (FDD) scheme. In this case, the
switch 233 may be configured in the form of a double-pole
double-throw (DPDT) to connect or block a transmission
signal and a reception signal, respectively. On the other
hand, since the transmission signal and the reception signal
can be separated by the duplexer 231, the switch 233 may
not be necessarily required.

Meanwhile, the electronic device according to the present
disclosure may further include a modem 400 corresponding
to the controller. In this case, the RFIC 250 and the modem
400 may be referred to as a first controller (or a first
processor) and a second controller (a second processor),
respectively. On the other hand, the RFIC 250 and the
modem 400 may be implemented as physically separated
circuits. Alternatively, the RFIC 250 and the modem 400
may be logically or functionally distinguished from each
other on one physical circuit.

The modem 400 may perform controlling of signal trans-
mission and reception and processing of signals through
different communication systems using the RFID 250. The
modem 400 may acquire control information from a 4G base
station and/or a 5G base station. Here, the control informa-
tion may be received through a physical downlink control
channel (PDCCH), but may not be limited thereto.

The modem 400 may control the RFIC 250 to transmit
and/or receive signals through the first communication sys-
tem and/or the second communication system for a specific
time interval and from frequency resources. Accordingly, the
RFIC 250 may control transmission circuits including the
first and second power amplifiers 210 and 220 to transmit a
4G signal or a 5G signal in the specific time interval. In
addition, the RFIC 250 may control reception circuits
including the first to fourth low noise amplifiers 310 to 340
to receive a 4G signal or a 5G signal at a specific time
interval.

Hereinafter, a low-profile antenna that can be disposed
inside an electronic device according to the present disclo-
sure will be described. Here, the term “low-profile” means
that it is formed to have a low height and can be disposed
inside the electronic device.

An antenna operating in a 5G Sub 6 band may be disposed
on a side surface of an electronic device or inside the
electronic device. In recent years, there is a tendency to
adopt full displays in an electronic device such as a mobile
terminal. In addition to electronic devices having full dis-
plays, new form-factors in foldable, flexible, and rollable
forms are emerging by the development of flexible displays.

Even in electronic devices according to such various
form-factors, the number of antennas is increasing for fast
data transmission. However, since the size and shape of
antennas that can be disposed in an electronic device is
limited, there are problems in view of a reduction of a design
space and a difficulty in securing radiation efficiency.

In order to solve these problems, the present disclosure
provides a low-profile antenna that can be disposed inside
full displays or electronic devices of various form-factors.
Accordingly, the present disclosure describes an electronic
device in which a low-profile antenna with a small size and
a high height is disposed. The present disclosure also
describes a low-profile antenna with high antenna space
utilization and arrangement freedom while optimizing radio
performance.

The present disclosure further describes an antenna
capable of being disposed inside an electronic device, rather
than on a lateral edge of the electronic device, which is a
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region on which existing antennas are concentrated. The
present disclosure further describes an effective design of a
low-profile antenna which has a low height to be disposed
inside a cover of an electronic device in parallel to the cover.

In this regard, the low-profile antenna may be disposed on
the carrier 136, with reference to FIG. 2A. In one example,
the carrier 136 on which the low-profile antenna is arranged
may be disposed in the longitudinal direction of the elec-
tronic device. When the low-profile antenna is disposed in
the longitudinal direction of the electronic device, MIMO
may be implemented by arranging a plurality of low-profile
antennas in plural.

Meanwhile, the low-profile antenna that may be disposed
inside the electronic device may be an antenna operating in
the 5G Sub 6 band. However, the present disclosure may not
be limited thereto, and the low-profile antenna may be an
antenna operating in an LTE band according to an applica-
tion.

FIG. 3A is a view illustrating a top, side, and bottom of
a substrate on which a low-profile antenna according to the
present disclosure is implemented. FIG. 3B is a view illus-
trating the low-profile antenna and a transceiver circuit for
transmitting and receiving signals through the antenna.
Technical features of the low-profile antenna may be
described as follows.

1) Open surfaces of two metal patterns each with one end
shorted are disposed to face each other at a distance from
each other. The biggest structural feature is that feeding is
made by indirect coupling in the same layer or different
layers between the two metal patterns. By adjusting the
distance, impedance matching can be easily performed.

2) The metal pattern and the ground have a low height
therebetween and dielectric or air is filled between them. An
antenna size can be reduced and radiation efficiency can be
enhanced by stacking two or more different dielectrics.

3) A horizontal magnetic field current is generated by a
vertical current flowing through a vertical connection por-
tion connecting the metal pattern and the ground and a
vertical electric field generated between the metal pattern
and the ground. This horizontal magnetic field current is
very efficient at a low antenna height according to an image
theory.

Here, the low-profile antenna may be referred to as an
ultra-miniaturized antenna. In this regard, the term “ultra-
miniaturized antenna” means that a plurality of antenna
elements can be arranged inside the electronic device by
reducing length and width of the substrate where the antenna
patterns are disposed.

An antenna according to the present disclosure may be
characterized in that two patterns (Shorted arms @ and @)
each with one end shorted are disposed to face each other at
a distance therebetween, and feeding is made by indirect
coupling between the patterns.

This structure can induce effective radiation of the
antenna at a low height t. In this regard, a horizontal
magnetic field current is generated by a vertical current
flowing through a vertical connection portion connecting the
metal pattern and the ground and a vertical electric field
generated between the metal pattern and the ground. This
horizontal magnetic field current is very efficient at a low
antenna height according to an image theory.

Specifically, referring to FIGS. 3A and 3B, the electronic
device may include an antenna 1200, a transceiver circuit
1250, and a baseband processor 1400. Here, the transceiver
circuit 1250 may be an RFIC that is an integrated circuit
operating in an RF band. Also, the baseband processor 1400
may be a modem operating in a baseband. In this case, the
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RFIC may include a down-converter for converting an RF
band signal into a baseband signal and an up-converter for
converting a baseband signal into an RF band signal. The
transceiver circuit 1250 corresponding to the RFIC and the
baseband processor 1400 corresponding to the modem may
be disposed in one chip to be implemented as a Soc (System
On Chip).

The antenna 1200 may include a first metal pattern 1211,
a second metal pattern 1212, and a feeding pattern 1220. The
first metal pattern 1211 may be configured such that a metal
having a predetermined length and width is printed on an
upper portion of the substrate. The second metal pattern
1212 may be spaced apart from the first metal pattern 1211
by a predetermined distance, and may be configured such
that a metal having a predetermined length and width is
printed. Each of the first metal pattern 1211 and the second
metal pattern 1212 may have an inset region in which a
metal pattern is not formed.

Here, the term “inset region” means a region removed
from a metal region of each of the first metal pattern 1211
and the second metal pattern 1212 like rectangular patches.
A space for arranging the feeding pattern 1220 can be
secured by the “inset region”. In addition, impedance match-
ing between the first metal pattern 1211 and the second metal
pattern 1212 and the feeding pattern 1220 can be easily
implemented through the “inset region” without a separate
impedance matching circuit.

The feeding pattern 1220 may be configured such that a
metal having a predetermined length and width is printed in
a region where the first metal pattern 1211 and the second
metal pattern 1212 are spaced apart from each other and the
inset region. Accordingly, the feeding pattern 1220 can
perform coupling feeding for signals to the first metal
pattern 1211 and the second metal pattern 1212.

A position of a feeder at which the feeding pattern 1220
is connected to the transceiver circuit 1250 may be spaced
apart from the center of the feeding pattern 1220 by a
predetermined distance. As the feeding pattern 1220 is
spaced apart by a predetermined distance, impedance match-
ing can be facilitated and bandwidth characteristics can be
optimized. On the other hand, a threshold that the position
of the feeder is spaced apart from the center of the feeding
pattern 1220 by the predetermined distance may be set to a
degree to allow asymmetry of the radiation pattern of the
antenna.

The transceiver circuit 1250 may be connected to the
feeding pattern 1220 to transmit signals to the first metal
pattern 1211 and the second metal pattern 1212 through the
feeding pattern 1220. The baseband processor 1400 may
control the transceiver circuit 1250 to transmit and receive
signals of the 5G Sub 6 band through the antenna 1200.

On the other hand, the antenna 1200 may further include
a plurality of vias 1230. In this regard, the plurality of vias
1230 may be formed at end portions EP1, EP2 of the first
metal pattern 1211 and the second metal pattern 1212 to
connect the first metal pattern 1211 and the second metal
pattern 1212 and a lower ground pattern. The plurality of
vias 1230 may be disposed at terminated portions of the first
metal pattern 1211 and the second metal pattern 1212 to be
spaced inwardly apart from one another by predetermined
distances.

Hereinafter, changes in characteristics according to the
number and positions of a plurality of vias in the low-profile
antenna according to the present disclosure will be
described. FIG. 3C is a view illustrating an antenna structure
according to the number of vias. Also, FIG. 3D is a view
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illustrating the change in resonant frequency according to
the change in the number of vias.

Referring to FIGS. 3A to 3D, it can be secen that the
resonant frequency decreases as the number of vias disposed
at the end portions of the first metal pattern 1211 and the
second metal pattern 1212 decreases. In this regard, as the
number of vias in FIG. 3C decreases to 4, 3, 2, and 1, the
resonant frequency may decrease in a direction of a line
indicated by (a) to (d) in FIG. 3D. Here, dB(S(1,1)) may
mean the return loss of the antenna 1200 having one port,
and a frequency with the lowest value of dB(S(1,1)) may
correspond to the resonant frequency. In this case, as the
number of vias decreases as illustrated in (a) to (d) of FIG.
3C, the resonant frequency of the antenna may tend to
decrease as indicated by (a) to (d) in FIG. 3D.

On the other hand, the low-profile antenna may operate as
a patch antenna that resonates at a length of about %
wavelength by connecting the first metal pattern 1211 and
the second metal pattern 1212 corresponding to the radiators
and the ground layer. In this regard, when the number of vias
decreases, a path through which a current is bypassed may
further be created. Accordingly, as the number of vias
decreases and the ground connection area decreases, the
length of the antenna can increase, thereby lowering the
resonant frequency. Accordingly, from the perspective of
miniaturization of the antenna, the number of vias in the
antenna according to the present disclosure may be one or
two at a lower end of an end portion.

Meanwhile, referring to FIGS. 3C and 3D, the resonant
frequency when the number of vias is 1 may be almost the
same as the resonant frequency when the number of vias is
2. Therefore, two or more vias may be selected in consid-
eration of structural stability and radiation efficiency of the
antenna. In this regard, when the number of vias is 3 or 4,
the resonant frequency may be shifted to a higher frequency,
which may be somewhat disadvantageous in terms of min-
iaturization of the antenna. However, as the number of vias
increases, it can be advantageous in terms of antenna radia-
tion efficiency as well as structural stability. Accordingly,
three or four vias can be selected in consideration of the
radiation efficiency as well as structural stability of the
antenna.

With the aforementioned structure, a low-profile antenna
that has high antenna space utilization and arrangement
freedom while optimizing wireless performance can be
provided.

In particular, the low-profile antenna can be effectively
designed to have a very low height of 0.02A or lower, and
can easily implement impedance matching.

In particular, the low-profile antenna may have a radiator
with both end portions shorted, which can be advantageous
in view of arranging plural antennas by virtue of miniatur-
ization of antennas and improvement of isolation between
antennas.

On the other hand, the first metal pattern 1211 and the
second metal pattern 1212, which are the antenna patterns
according to the present disclosure, may be designed in
various shapes such as a triangle, a square (or rectangle), and
a circle, but the biggest feature may be that the shorted arms
@ and @ are spaced apart from each other and a resonant
frequency and a bandwidth vary depending on the shape. A
length from the terminated portion of the pattern to a shorted
point by a contact pin may have the greatest influence on the
antenna resonant frequency. On the other hand, as an
antenna area is increased, the resonant frequency may be
lowered and the bandwidth may be widened. A distance
between the two antenna patterns may affect impedance, and

10

15

20

25

30

35

40

45

50

55

60

65

22

a coupling amount may be adjusted according to the length
and distance between the two antenna patterns facing each
other.

Meanwhile, feeding of the antenna 1200 may be carried
out on the same plane as or a different plane from the metal
pattern that is the radiator. FIG. 4A is a view illustrating a
structure in which a feeding pattern is disposed on the same
plane with a metal pattern that is a radiator. FIG. 4B is a view
illustrating a structure in which the feeding pattern is dis-
posed on a different plane from the metal pattern that is the
radiator.

The antenna feeding method may be indirect feeding, and
may be configured to allow feeding by arranging the feeding
pattern on the same layer as the antenna pattern with a gap
therebetween as illustrated in FIG. 4A or by arranging the
feeding pattern on a different layer from the antenna pattern
as illustrated in FIG. 4B. In this regard, impedance may vary
depending on the distance between the feeding pattern and
the metal pattern and the length and position of the feeding
pattern as well as the distance between the two metal
patterns. Accordingly, the impedance of the antenna can be
adjusted by the antenna structure having a low height.

The first and second metal patterns 1211 and 1222, which
are the antenna patterns made of a metal component, may be
disposed on one or more dielectrics. Such a dielectric may
be disposed between the first and second metal patterns 1211
and 1222 and a ground layer. The performance and size of
the antenna can be adjusted when two or more dielectrics are
used rather than one dielectric.

The first substrate S1 as the upper substrate and the
second substrate S2 as the lower substrate that correspond to
the dielectrics may be implemented in the same form as a
flexible substrate. Accordingly, the low-profile antenna 1200
that is implemented on the flexible substrate can be disposed
inside the electronic device. For example, the low-profile
antenna 1200 that is implemented on the flexible substrate
can be disposed on a carrier inside the electronic device.

As described above, the first metal pattern and the second
metal pattern may be disposed on the upper portion of the
first substrate S1 as the upper substrate. Meanwhile, the
antenna 1200 may further include a ground layer disposed
on the lower portion of the second substrate S2, which is the
lower substrate, to provide a reference electric potential for
the antenna 1200.

On the other hand, antenna characteristics may appear
differently depending on the dielectric material between the
metal patterns 1211 and 1212 and the ground. High permit-
tivity may be advantageous in miniaturizing the antenna,
and a small dielectric loss can secure better efficiency
characteristics. Accordingly, the antenna performance can
be optimized by varying each thickness and material (i.e.,
permittivity) of the multilayered dielectrics.

In this case, the permittivity of the first substrate S1 may
be set to a value greater than that of the second substrate S2,
thereby increasing efficiency of the antenna 1200 while
reducing the size of the antenna 1200. In this regard, when
the permittivity of the first substrate S1 is high, the antenna
efficiency may be somewhat decreased, but the decrease in
the antenna efficiency may be somewhat alleviated by the
low permittivity of the second substrate S2. Accordingly, the
antenna size can be reduced by setting the permittivity of the
substrate S1 to a greater value. In addition, the antenna
efficiency which is a little bit reduced by the permittivity of
the first substrate S1 can be alleviated by the low permit-
tivity of the second substrate S2.

FIG. 5A is a view illustrating radiation efficiency accord-
ing to a frequency change when a different dielectric is used
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in a low-profile antenna of a multilayered substrate structure.
Referring to FIG. 5A, it can be seen that as the permittivity
decreases, the resonant frequency increases and the radiation
efficiency increases. For example, when a substrate material
is changed from an FR 4 substrate to a Teflon substrate, the
resonant frequency may increase and the radiation efficiency
may be improved. In this case, it was assumed that the FR
4 substrate had permittivity (Dk) of 4.5 and a dielectric loss
01'0.015, and the Teflon substrate has permittivity of 3.0 and
a dielectric loss of 0.0014. Here, Case 1 is a case in which
both the first substrate and the second substrate are the FR
4 substrates. On the other hand, Case 2 is a case in which the
first substrate is the Teflon substrate and the second substrate
is the FR 4 substrate. In Case 2, since the first substrate has
the low permittivity, the radiation efficiency of the antenna
can increase.

In addition, Case 3 is a case in which both the first and
second substrates are the Teflon substrates. Comparing Case
2 and Case 3, since the antenna radiation efficiency is greatly
affected by the permittivity of the first substrate, which is the
upper substrate, the radiation efficiency is almost the same.
Accordingly, in the low-profile antenna of the present dis-
closure, the permittivity of the first substrate and the per-
mittivity of the second substrate can be made different from
each other, thereby optimizing other antenna characteristics
such as impedance matching while maintaining the antenna
radiation efficiency characteristic.

Table 1 shows a resonant frequency, a bandwidth, and a
maximum efficiency according to changes in configuration
of the first substrate as the upper substrate and the second
substrate as the lower substrate according to one implemen-
tation. Here, it was assumed that the thickness of the first
substrate was 0.4 mm and the thickness of the second
substrate was 0.6 mm, but the present disclosure may not be
limited thereto and may be variously changed depending on
applications. Meanwhile, in relation to the antenna perfor-
mance results of Table 1, it was assumed that the feeding
pattern was disposed below the metal pattern, which is the
antenna pattern, as illustrated in FIG. 4B, but the present
disclosure may not be limited thereto and may be variously
changed depending on applications.

TABLE 1
1 2)

First Second Resonant Peak

substrate substrate frequency -6 Eff.

Case (0.4 mm) (0.6 mm) (f0) [GHz] dB BW  [%]
11 FR4 FR4 353 024 413

22 Teflon FR4 39 019 65

23 Teflon Teflon 3.92 0.18  66.5

Referring to Table 1, when the permittivity of the first
substrate is reduced, the resonant frequency increases from
a 3.5 GHz band to a 3.9 GHz band. As aforementioned, the
permittivity of the first substrate S1 may be set to a value
greater than that of the second substrate, thereby increasing
the efficiency of the antenna 1200 while reducing the size of
the antenna 1200. Accordingly, the antenna size can be
reduced by using the FR 4 substrate with the high permit-
tivity for the first substrate and the antenna efficiency can be
increased by using the Teflon substrate with the low per-
mittivity for the second substrate. As another example, the
second substrate may have a lower permittivity and may be
implemented in the form of a foam having permittivity
similar to that of air.
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Meanwhile, in relation to the multilayered substrate struc-
ture, the feeding pattern 1220 may be disposed on the upper
portion of the first substrate that is coplanar with the first
metal pattern 1211 and the second metal pattern 1212. As
another example, the feeding pattern 1220 may be disposed
on the lower portion of the first substrate or the upper portion
of'the second substrate that is a different plane from the first
metal pattern 1211 and the second metal pattern 1212. In this
regard, the feeding pattern 1220 may be disposed on the
lower portion of the first substrate, which is the substrate
where the metal patterns 1211 and 1212 are disposed. As the
feeding pattern 1220 is disposed on the lower portion of the
first substrate, an alignment error between the metal patterns
may be reduced compared to the case in which the feeding
pattern 1220 is disposed on the upper portion of the second
substrate.

As the permittivity or thickness of the dielectric increases,
the resonant frequency may be lowered, which can allow the
reduction of the antenna size. Also, when a dielectric having
relatively high permittivity is disposed on the antenna pat-
tern side, an antenna miniaturization effect can be obtained.
In this case, when an air layer or a dielectric having a low
permittivity is disposed close to the ground, the efficiency of
the antenna can be improved. Although the area of the
dielectric is not relevant, the dielectric loss may be reduced
by thinning the feeding pattern 1220 and a slot (the gap
between the metal patterns).

Even when the dielectric substrate is close to a separate
wide ground layer, impedance matching can be made
through the adjustment of the distances between the metal
patterns 1211 and 1222 and the feeding pattern 1220,
thereby enabling an operation as antennas. In this case, the
antenna radiation can also be effectively performed by a
horizontal magnetic field produced by the metal pattern and
the contact pin.

FIG. 5B is a view illustrating a principle of forming a
vertical electric field and a horizontal magnetic field current
in an antenna having a shorted-arm structure by vias accord-
ing to the present disclosure. Referring to FIGS. 3A to 5B,
a vertical electric field may be generated between the first
and second metal patterns 1211 and 1212 corresponding to
the shorted arms and the ground layer. According to the
vertical electric field, a horizontal magnetic field current
may be generated on the horizontal plane with the first and
second metal patterns 1211 and 1212. In particular, the
horizontal magnetic field current may be generated in a
boundary region of the feeding pattern 1220 and a boundary
region of the inset region. The horizontal magnetic field
current may allow the reduction of the height of the substrate
where the antenna 1200 is disposed, thereby implementing
a low-profile antenna.

As illustrated in FIG. 5B, the shorted arm may be formed
by the vias, and a cavity-backed slot antenna may be
implemented by the ground layer. In particular, since it is
formed in an integrated structure in the form of a substrate,
it may be referred to as a Substrate Integrated Waveguide
(SIW) cavity-backed slot Antenna. Therefore, as the SIW
cavity-backed slot antenna, the low-profile antenna can be
implemented by forming cavities using the slot, the ground
and the vias. Referring to the vertical electric field distribu-
tion of FIG. 5B, in the SIW cavity-backed slot antenna, a
partial region of the entire antenna that generates the vertical
current and the vertical electric field may be selected to be
implemented as an antenna. Accordingly, the antenna 1200
can be advantageously minimized in height and antenna
area.
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Meanwhile, even when the size of the ground is smaller
than or equal to the size of the antenna pattern, the antenna
may operate as a kind of folded dipole antenna. In addition,
the contact pin (shorting pin) that connects the antenna
pattern and the ground can be applied in various ways. The
antenna pattern and the ground may be connected through
via holes formed through between dielectrics, or by using
C-clips, Pogo pins, springs, fingers, or the like.

As described above, the antenna according to the present
disclosure may be configured such that the two patterns
(shorted arms) 1211 and 1212 each having one end shorted
are disposed to face each other with the distance therebe-
tween and fed by the feeding pattern 1220 through indirect
coupling. In this case, the vertical current that flows through
vertical connection portions connecting the patterns and the
ground, that is, through the vias may be generated. That is,
the horizontal magnetic field current may be generated by
the vertical electric field generated between the metal pat-
terns 1211 and 1212 and the ground layer. This horizontal
magnetic field current may be very efficient at a low antenna
height.

Meanwhile, the metal pattern of the low-profile antenna
may be implemented in various shapes other than the
rectangular (or square) shape for optimization of perfor-
mance. For example, the low-profile antenna may be formed
in a combined structure of a rectangular shape and a bow-tie
shape. FIG. 6A is a front view illustrating a low-profile
antenna in accordance with one implementation. FIG. 6B is
a view illustrating a structure in which the antenna of FIG.
6A is disposed on a carrier inside the electronic device.

Referring to FIG. 6A, the first metal pattern 1211 may
include a first radiation portion 1211a and a second radiation
portion 12115. Also, the second metal pattern 1212 may
include a first radiation portion 1212q and a second radiation
portion 12124. Here, since a signal of the feeding pattern
1220 is coupled to the first radiation portions 1211a and
1212a, the first radiation portions 1211a and 12124 may be
referred to as a coupling part and the second radiation
portions 12115 and 12125 may be referred to as a radiation
part.

The first radiation portions 1211¢ and 1212¢ may be
formed in a rectangular shape having a predetermined length
and width, and may define an inset region therein. In
addition, the second radiation portions 12115 and 12125
may be connected to the first radiation portions 1211a and
12124 and tapered at a predetermined angle to increase
widths. That is, the second radiation portions 12115 and
12125 may be formed in a bow-tie shape to linearly increase
in width.

Meanwhile, the feeding pattern 1220 may be disposed in
the inset region inside the first radiation portions 1211a and
12124 corresponding to the coupling part. In this case, the
position at which the feeding pattern 1220 is disposed may
be offset by a predetermined distance from end portions in
a widthwise direction of the first radiation portions 1211a
and 1212aq.

Referring to FIG. 6B, the electronic device may further
include a carrier 136 that is formed of a dielectric and
disposed inside the electronic device. In this case, the
antenna 1200 may be disposed on a front surface of the
carrier 136 and the first and second metal patterns 1211 and
1212 may be disposed in the longitudinal direction of the
electronic device. Accordingly, MIMO can be performed by
disposing a plurality of low-profile antennas on the carrier
136.

In this regard, the arrangement structure may be employed
in the electronic device by adjusting the length and width of
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the substrate on which the low-profile antennas are disposed.
In this regard, the length of the antenna 1200 of FIG. 6 A may
vary within a predetermined range. As such, when the length
of the antenna 1200 of FIG. 6A varies within the predeter-
mined range, the resonant frequency and the radiation effi-
ciency can change. In this regard, as a length L of the
antenna 1200 increases from 22 mm to 36 mm, the resonant
frequency may be lowered from about 4 GHz to about 2.5
GHz. In addition, as the length L. of the antenna 1200
increases from 22 mm to 36 mm, the peak radiation effi-
ciency may decrease from —4.1 dB to -6.2 dB.

In this case, the width W of the antenna 1200 has been
assumed to be 10 mm, but the present disclosure may not be
limited thereto and may change depending on applications.
The length L can be set to about 23 mm so that the antenna
1200 resonates at 3.5 GHz which is in the 5G Sub 6 band.
However, the length I of the antenna 1200 may not be
limited thereto, and the resonant frequency may change
depending on the length of the feeding pattern 1220 or the
area of the metal pattern 1210.

Hereinafter, the changes in characteristics according to
the width of the substrate on which the low-profile antenna
is disposed will be described. In this regard, a width W of the
antenna 1200 may vary from 8 mm to 12 mm. Accordingly,
the width of the end portions of the second radiation portions
12115 and 12126 may be set to a value in the range of 8 to
12 mm in consideration of the resonant frequency and
radiation efficiency of the antenna.

In this case, when a width of an antenna pattern increases,
the resonant frequency may be lowered but an effect may not
be so great compared to the increase in length. However, as
the width of the antenna pattern increases, the antenna
efficiency may increase and thus an efficiency bandwidth
may also increase. FIG. 7 is a view illustrating a change in
resonant frequency and peak radiation efficiency according
to a change in antenna width.

Referring to (a) of FIG. 7, as the width of the end portions
of the second radiation portions 12115 and 12125 increases
from 8 mm to 9 mm, the resonant frequency may be lowered
from 3.7 GHz to 3.5 GHz and thus the antenna may resonate
at the 5G Sub 6 frequency. In this case, the resonant
frequency may be maintained at 3.5 GHz even when the
width of the end portion increases up to 12 mm. Therefore,
in view of miniaturization of the antenna, it may be advan-
tageous to set the width of the end portions of the second
radiation portions 12115 and 12125 to about 9 mm.

Meanwhile, referring to (b) of FIG. 7, it can be seen that
the peak radiation efficiency increases as the width of the
end portions of the second radiation portions 12116 and
12125 increases from 8 mm to 12 mm. Accordingly, the
width of the end portions of the second radiation portions
12115 and 12126 may be set to 10 mm to 11 mm in
consideration of both the antenna resonant frequency and the
radiation efficiency.

Meanwhile, the low-profile antenna can optimize the
resonant frequency, bandwidth, peak radiation efficiency,
and peak total efficiency by varying the length of the feeding
pattern 1220. FIG. 8 is a view illustrating a resonant fre-
quency and peak total efficiency according to variation of a
length of the low-profile antenna and a length of a feeding
pattern. FIG. 9 is a view illustrating a bandwidth and peak
radiation efficiency according to variation of the length of
the low-profile antenna and the length of the feeding pattern.
Here, the peak radiation efficiency may radiation efficiency
of the antenna considering an antenna loss, and the peak
total efficiency may indicate efficiency considering both the
antenna loss and feeding loss.
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Accordingly, the length of the feeding pattern 1220 may
be set in consideration of the resonant frequency, bandwidth,
and radiation efficiency of the antenna. To this end, the
length of the feeding pattern 1220 may be set to a value of
0.3 to 0.4 times a length from the terminated portion of the
first metal pattern to the terminated portion of the second
metal pattern. That is, the length of the feeding pattern 1200
may be set to a value of 0.3 to 0.4 times the length of the
antenna.

As a feeding length increases, an area occupied by the
antenna pattern may decrease, but referring to (a) of FIG. 8,
the resonant frequency may be lowered according to the
feeding length. Therefore, there may be an appropriate
feeding length according to the length of the antenna, and
the feeding length that is 0.3 to 0.4 times the total length of
the antenna pattern may be required. Here, 24x10 may
indicate that length L. and width W of the antenna are 24 mm
and 10 mm, respectively. Also, 22x10 may indicate that
length [ and width W of the antenna are 22 mm and 10 mm,
respectively.

Referring to FIG. 6A and (b) of FIG. 8, when the length
L and the width W of the antenna are 24 mm and 10 mm,
respectively, the maximum peak total efficiency can be
obtained when the length of the feeding pattern 1200 is
about 9 mm. Therefore, the length of the feeding pattern
1200 may be set to be 0.3 to 0.4 times the total length of the
antenna pattern.

Referring to FIG. 6A and (a) of FIG. 9, when the length
L and the width W of the antenna are 24 mm and 10 mm,
respectively, the maximum bandwidth can be obtained when
the length of the feeding pattern 1200 is about 11 mm. In this
case, the length of the feeding pattern 1200 may exceed 0.4
times the total length of the antenna pattern.

However, it may be advantageous that the length of the
feeding pattern 1200 is set to about 9 mm in order to
maximize efficiency while satisfying the bandwidth require-
ment. Therefore, the length of the feeding pattern 1200 may
be set to be 0.3 to 0.4 times the total length of the antenna
pattern.

Referring to FIG. 6A and (b) of FIG. 9, when the length
L and the width W of the antenna are 24 mm and 10 mm,
respectively, similar to (b) of FIG. 8, the maximum peak
total efficiency can be obtained when the length of the
feeding pattern 1200 is about 9 mm. Therefore, the length of
the feeding pattern 1200 may be set to be 0.3 to 0.4 times the
total length of the antenna pattern.

On the other hand, the low-profile antenna can adjust
impedance and resonant frequency of the antenna by adjust-
ing a difference between the widths of the first radiation
portion and the second radiation portion at a point where the
first radiation portion and the second radiation portion are
connected, that is, the length of the coupling part. In this
regard, the difference between the widths of the first radia-
tion portion and the second radiation portion at the point
where the first radiation portion and the second radiation
portion are connected, that is, the length of the coupling part
may be set to a value in the range of 1 to 5 mm.

FIG. 10 is a view illustrating a resonant frequency and
peak total efficiency according to variation of the length of
the coupling part in the low-profile antenna. FIG. 11 is a
view illustrating a bandwidth and peak radiation efficiency
according to variation of the length of the coupling part in
the low-profile antenna. Here, the peak radiation efficiency
may be radiation efficiency of the antenna considering
antenna loss, and the peak total efficiency may indicate
efficiency considering both the antenna loss and feeding
loss.
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As the length of the coupling part increases, the resonant
frequency may be lowered, enabling miniaturization of the
antenna. Referring to FIGS. 6A and (a) of FIG. 10, as the
length A of the coupling part increases, the resonant fre-
quency may decrease. Here, 34x10 may indicate that length
L and width W of the antenna are 34 mm and 10 mm,
respectively. On the other hand, when the length of the
feeding pattern was set to 13 mm, the antenna characteristics
were compared while the length of the coupling part varied
from 1 mm to 5 mm.

Referring to FIG. 6A and (b) of FIG. 10, when the length

L and the width W of the antenna are 34 mm and 10 mm,
respectively, the maximum peak total efficiency can be
obtained when the length A of the coupling part is about 2
mm.
Referring to FIG. 6A and (a) of FIG. 11, when the length
L and the width W of the antenna are 34 mm and 10 mm,
respectively, the maximum bandwidth can be obtained when
the length A of the coupling part is 1 mm.

Referring to FIG. 6A and (b) of FIG. 11, when the length
L and the width W of the antenna are 34 mm and 10 mm,
respectively, the maximum peak radiation efficiency can be
obtained when the length A of the coupling part is 1 mm. On
the other hand, referring to (b) of FIG. 10, when the length
of the coupling part is about 2 mm, the sum of the antenna
loss and the feeding loss may be the lowest. In this regard,
when the length of the coupling part is 1 mm, the antenna
loss may be the lowest but an antenna area for the feeding
pattern may be insufficient. Therefore, when considering
both the antenna loss and the feeding loss, it may be
advantageous to set the length of the coupling part to about
2 mm.

On the other hand, it can be seen that the impedance
changes when the length A of the coupling part varies. As the
length A of the coupling part increases, a coupling amount
between the feeding pattern and the antenna pattern may
decrease. Accordingly, the locus length in the Smith chart,
which represents impedance change according to frequen-
cies with polar coordinates, may be reduced and the reso-
nance frequency may be lowered. Therefore, when the
length A of the coupling part varies, both the impedance and
the resonant frequency of the antenna may all be affected.
Therefore, antenna characteristics can be optimized by vary-
ing the shapes of the regions of the first and second radiation
portions including the length A of the coupling part.

On the other hand, the low-profile antenna of the various
shapes according to the present disclosure may operate in
the 5G Sub 6 band. In this case, the operating band of the
low-profile antenna of various shapes may not be limited
thereto, and may operate in any communication frequency
band. The low-profile antenna may operate in the 5G Sub 6
band, and antennas implemented as conductive members
disposed on the side surfaces of the electronic device may
operate in the LTE band. As such, a control operation for a
plurality of antennas operating in a plurality of communi-
cation systems may be required.

FIG. 12 is a view illustrating an electronic device includ-
ing antennas, a transceiver circuit, and a baseband processor
according to the present disclosure. FIG. 13 is a view
illustrating an electronic device including a plurality of
antennas, a transceiver circuit, and a baseband processor
according to the present disclosure.

Referring to FIGS. 1A to 13, the electronic device 1000
may include a first antenna 1100, a second antenna 1200, a
transceiver circuit 1250, and a baseband processor 1400.

The first antenna 1100 may be disposed on the side
surface of the electronic device to operate in a first band as
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an LTE band. On the other hand, the antenna 1200 according
to the present disclosure may be the second antenna 1200
configured to operate in a second band, which is the 5G Sub
6 band. Here, the position of the first antenna 1100 may not
be limited to that illustrated in FIG. 12 or 13, and may
alternatively be in one region of the left, right, upper or
lower portion of the electronic device. On the other hand, the
second antenna 1200 may be configured as a single antenna
as illustrated in FIG. 12 or a plurality of antennas fora
MIMO operation as illustrated in FIG. 13.

The transceiver circuit 1250 may be connected to the
feeding pattern 1220 to transmit signals to the first metal
pattern 1211 and the second metal pattern 1212 through the
feeding pattern 1220. In addition, the baseband processor
1400 may be connected to the transceiver circuit 1250 and
control the transceiver circuit 1250 to transmit and receive
signals through at least one of the first antenna 1100 and the
second antenna 1200.

Specifically, the transceiver circuit 1250 may transmit and
receive a first signal of a first band and transmit and receive
a second signal of a second band. The baseband processor
1400 may control the transceiver circuit 1250 to receive the
second signal through the second antenna 1200 when quality
of the first signal is lower than or equal to a threshold. In an
example, the baseband processor 1400 may perform carrier
aggregation (CA) when a broadband transmission is
requested and a broadband frequency is allocated. To this
end, the baseband processor 1400 may perform CA by using
the first signal of the first band received through the first
antenna 1100 and the second signal of the second band
received through the second antenna 1200.

On the other hand, the first antenna 1100 may be config-
ured to transmit and receive signals of the LTE band. In this
regard, the first antenna 1100 may be disposed on the side
surface of the electronic device. For example, the first
antenna 1100 may include one or more antennas 1100a and
11005 disposed on the upper, lower, left, or right side of the
electronic device.

Accordingly, the baseband processor 1400 corresponding
to the modem may perform multiple-input/multi-output
(MIMO) or diversity through the first antennas 1100aq,
11005. Here, the position and number of the first antennas
11004, 11005 may not be limited thereto, but may vary
depending on applications. The number of the first antennas
11004, 11005 may be increased up to 4 to support 41X or
4RX.

Meanwhile, the first antennas 1100, 11005 may operate
in dual bands to operate in the 5G band as well as the LTE
band. In this case, the baseband processor 1400 may perform
MIMO using at least one of the first antennas 1100a and
11005 and at least one of the second antennas 1200.

So far, the electronic device having the 5G antenna has
been described. Hereinafter, technical effects of the elec-
tronic device having the 5G antenna, in particular, the
electronic device having the antenna of the low-profile
structure that can be disposed inside the electronic device
will be described.

The present disclosure can provide an electronic device in
which a low-profile antenna with a small size and a low
height is disposed even in a full display structure.

The present invention can also provide a low-profile
antenna that can be disposed inside an electronic device to
be horizontal to a cover of the electronic device, so as to
secure high antenna space utilization and arrangement free-
dom while optimizing wireless performance.

10

20

25

30

35

40

45

50

55

60

65

30

In particular, the low-profile antenna can be effectively
designed to have a very low height of 0.02A or lower, and
can easily implement impedance matching.

In particular, the low-profile antenna may have a radiator
with both end portions shorted, which can be advantageous
in view of arranging plural antennas by virtue of miniatur-
ization of antennas and improvement of isolation between
antennas.

Further scope of applicability of the present disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and specific examples, such as the preferred
implementation of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will be apparent
to those skilled in the art.

In relation to the aforementioned present disclosure, the
design of a low-profile antenna and the control of an antenna
and a transceiver circuit by a controller such as a baseband
processor can be implemented as computer-readable codes
in a program-recorded medium. The computer-readable
medium may include all types of recording devices each
storing data readable by a computer system. Examples of
such computer-readable media may include hard disk drive
(HDD), solid state disk (SSD), silicon disk drive (SDD),
ROM, RAM, CD-ROM, magnetic tape, floppy disk, optical
data storage element and the like. Also, the computer-
readable medium may also be implemented as a format of
carrier wave (e.g., transmission via an Internet). The com-
puter may include the controller 180, 1250, 1400 of the
terminal. Therefore, the detailed description should not be
limitedly construed in all of the aspects, and should be
understood to be illustrative. Therefore, all changes and
modifications that fall within the metes and bounds of the
claims, or equivalents of such metes and bounds are there-
fore intended to be embraced by the appended claims.

The invention claimed is:

1. An electronic device, comprising:

an antenna pattern formed on a first substrate; and

a ground pattern formed on a second substrate disposed
under the first substrate;

wherein the antenna pattern comprises:

a first metal pattern configured to be formed a metal
having a length and width on an upper portion of the
first substrate;

a second metal pattern spaced apart from the first metal
pattern and formed as a metal having a length and
width, wherein the first metal pattern and the second
metal pattern include an inset region in which no metal
pattern is formed;

a feeding pattern formed of a metal having a length and
a width in the inset region and configured to feed a
signal to be coupled to the first metal pattern and the
second metal patterns; and

a plurality of vias configured to connect the first metal
pattern and the second metal pattern to the ground
pattern at end portions thereof and spaced inwardly
apart from each other in a widthwise direction of the
first metal pattern and the second metal pattern,

wherein each of the first metal pattern and the second
metal pattern comprises:

a first radiation portion formed in a rectangular shape
having a predetermined length and width, and having
an inset region formed therein; and

a second radiation portion connected to the first radiation
portion and formed to be tapered at a predetermined
angle to increase a width.
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2. The electronic device of claim 1, further comprising a
transceiver circuit connected to the feeding pattern and
configured to transfer a signal to the first metal pattern and
the second metal pattern through the feeding pattern.

3. The electronic device of claim 1, wherein a horizontal
magnetic field current is generated in a horizontal plane with
the first metal pattern and the second metal pattern in a
boundary region between the feeding pattern and the inset
region, and the horizontal magnetic field current causes a
height of a substrate on which the antenna pattern is dis-
posed to be reduced.

4. The electronic device of claim 1, wherein permittivity
of'the first substrate is set to a value greater than permittivity
of the second substrate to increase efficiency of the antenna
pattern and reduce a size of the antenna pattern.

5. The electronic device of claim 1, wherein the feeding
pattern is disposed on the upper portion of the first substrate
that is coplanar with the first metal pattern and the second
metal pattern.

6. The electronic device of claim 1, wherein the feeding
pattern is disposed on a lower portion of the first substrate
or an upper portion of the second substrate that is a different
plane from the first metal pattern and the second metal
pattern.

7. The electronic device of claim 1, wherein the feeding
pattern is disposed in the inset region inside the first radia-
tion portion, and a position at which the feeding pattern is
disposed is offset by a predetermined distance from an end
portion in a widthwise direction of the first radiation portion.

8. The electronic device of claim 1, further comprising a
carrier formed of a dielectric and disposed inside the elec-
tronic device,

wherein the antenna pattern is disposed on a front surface

of the carrier, and the first metal pattern and the second
metal pattern are disposed in a longitudinal direction of
the electronic device.

9. The electronic device of claim 1, wherein a width of an
end portion of the second radiation portion is set to a value
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ranging from 8 to 12 mm in consideration of resonant
frequency and radiation efficiency of the antenna pattern.

10. The electronic device of claim 1, wherein a difference
between widths of the first radiation portion and the second
radiation portion at a point where the first radiation portion
and the second radiation portion are connected is set to a
value ranging from 1 to 5 mm in consideration of impedance
and resonant frequency of the antenna pattern.

11. The electronic device of claim 1, wherein a length of
the feeding pattern is set to a value of 0.3 to 0.4 times a
length from a terminated portion of the first metal pattern to
a terminated portion of the second metal pattern in consid-
eration of resonant frequency, bandwidth, and radiation
efficiency of the antenna pattern.

12. The electronic device of claim 2, further comprising
a first antenna disposed on a side surface of the electronic
device and configured to operate in a first band as a
long-term evolution (LTE) band, wherein the antenna pat-
tern is a second antenna operating in a second band as a 5G
Sub 6 band, and

wherein the electronic device further comprises a base-

band processor connected to the transceiver circuit and
configured to control the transceiver circuit to transmit
and receive signals through at least one of the first
antenna and the second antenna.

13. The electronic device of claim 12, wherein the trans-
ceiver circuit is configured to transmit and receive a first
signal of the first band and transmit and receive a second
signal of the second band, and

wherein the baseband processor is configured to,

control the transceiver circuit to receive the second signal

through the second antenna when quality of the first
signal is lower than or equal to a threshold, and
perform carrier aggregation (CA) by using the first signal
of the first band received through the first antenna and
the second signal of the second band received through
the second antenna when broadband transmission is
requested and a broadband frequency is allocated.
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